Abstract. Nowadays, composite materials are applied in many fields. The physicomechanical properties of the material can be improved by adding reinforced fibers and particles. Many scientists pay attention to the calculation for elastic modules of threephase composite materials. This report presents the experimental results for some elastic modules of three -phase polymer composite reinforced with glass fibers and titanium oxide particles of different volume ratios. A comparison between experimental and theoretical results shows good agreement.
INTRODUCTION
Composite material consists of two or more component materials to obtain a new material with better properties. The components are matrix material and filled materials (reinforced or additive). The function of matrix material is to unite the components, assure the resistance to heat and physicochemical loads, while the filled components are used to improve the mechanical properties (stiffness and strength) of the composite [5, 6, 7, 10] .
The reinforced components used usually are fibers and particles. Fibers can increase the stiffness, while particles can decrease the fracture, plastic strain and improve the water and gas proof ability of the composite. Thus, the addition of fibers and particles can make composite become more perfect, to satisfy more and more requirements of modern technology.
Having advantages such as: light weight, resistance to heat and environmental loads, composite materials are widely applied in many fields: from industry, construction, machine -building, transportation to aerospace engineering and medical engineering. In Vietnam, within the past ten years, many researches and applications for composite have been done, especially for polymer composites. The properties of polymer composites is indicated in [5, 6, 9] . In ship building industry, guard ship, passenger ship, fishing vessel of small and medium sizes are mainly made of composite materials. To improve the water -proof, fire -proof, corrosion -proof and crack resistant properties of the material, particles often be added to the matrix besides fibers. This leads to the appearance of three -phase composite which having three phases: polymer matrix, reinforced fibers and particles. To deal with the structural problems, we need to know the mechanical behavior of the material, which means firstly determining the elastic modules of the composite (Fig. 1) . Fig. 1 . Model of three -phase composite with reinforced fiber and particle
DETERMINE THE ELASTIC MODULES OF THREE -PHASE COMPOSITE
There are two main methods for determining the elastic modules of three -phase composite material: experimental and analytical methods. The advantage of experimental method is that it can provide the exact result for the material's modules. However, since three -phase composite is a multi -component material, the experiment can not illustrate the effect that the component phases have on the overall mechanical properties of the material. The analytical method often uses a mechanical model of a three-phase composite material reinforced with fibers (normally in cylindrical shape) and particles (in spherical shape) to calculate the material's elastic modules. It has a principal advantage: the modules are explicitly determined from the properties and aspect ratios of the component phase. When these factors are changed, new composite is obtained and their physicomechanical properties can be predicted, thus this method provides the foundation for optimal design of new material and structure.
Another method is the inductive method, in which the predicted formulas for the elastic modules are derived based on a large number of experiments. Such formulas are often suggested by the scientists in experimental physics. But with the appearance of the third phase, the experiments and the prediction for the variation of the elastic modules from the component phases' parameters become very complex. So far we have only seen publications [10] using this method for two -phase composites (matrix and reinforced particles).
In our previous reports, the elastic modules of three -phase composites are estimated using two theoretical models of the two -phase composite consecutively: nD m = O m + nD [3, 4, 12] . This paper considers three -phase composite reinforced with particles and unidirectional fibers, so the problem's model will be:
The researches on determining the elastic modules for composite material with reinforced particles are reported in [1, 2, 10, 11, 12] . In our papers [11, 12] , the interaction between matrix and particles is taken into account. Firstly, the modules of the effective matrix O m which called "effective modules" are calculated. In this step, the effective matrix consists of the original matrix and particles, it is considered to be homogeneous, isotropic and have two elastic modules. The next step is estimating the elastic modules for a composite material consists of the effective matrix and unidirectional reinforced fibers.
Thus, the result for the three -phase composite problem depends much on the models for the two -phase composite problem and it can have different accuracy for different composites.
For composite reinforced with particles, several methods for determining elastic modules have been proposed [1, 2, 10, 11, 12] . In this research, we chose the method which takes into account the interaction between matrix and particle [2, 12] .
There are also researches on determining the elastic modules for composite reinforced by unidirectional fibers [1, 7, 8, 11] . This type of material is often considered orthotropic with 5 elastic modules [1, 7] . The most modern reports with two independent approaches by Pobedrya B.E. [8] and Vanin G.A. [11] have calculated the sixth modulus of this material, and their results show good agreement to each other.
Assume that all the component phases (matrix, fiber and particle) are homogeneous and isotropic, we will use E m , ν m , E a , ν a , E c , ν c to denote Young modulus and Poisson ratio for matrix, fiber and particle, respectively. According to [2] , we can obtain the modules for the effective composite as below:
here,
E,ν can be calculate from (Ḡ,K) as below
The modules for three -phase composite reinforced with unidirectional fiber are chosen to be calculated using Vanin's formulas [11] :
in whichx = 3 − 4ν.
One of the goals of this research is to do the experiments to verify the results for the modules E 11 , E 22 , G 12 of three -phase composite materials calculated using the formulas (5) above.
EXPERIMENT AND RESULT
To verify Young modules for three -phase composite, we tested the samples made of polyester AKAVINA (made in Vietnam), fibers (made in Korea) and titanium oxide (made in Australia) with the properties as in Table 1 .
The experiments were done on HOUNSFEILD H50K-S tester (Fig. 2) using BS EN ISO 527-1: 1997 method. Room's temperature was (20±5 0 C), humidity was 65%±20%. The samples were made according to Vietnamese standard code: TCVN 6282:2008 [13] . The dimension of the samples is given in Fig. 3 . The experiments were done at the Laboratory of Shipbuilding Technology Institute, Nha Trang University. Totally more than 60 samples were tested for 8 different cases of fibers and particle's volume ratios (as in the first column of Table 2 ). Tensile test was done for estimating E 11 , E 22 and in 45 degree direction for estimating E 45 and G 12 . The experiments' results is given in Table 2 .
According to the tests' results, fiber has much effect on improving Young modulus, while particle has much effect on shear modulus. The comparison between experimental results (average values from Table 2 ) with theoretical result ( formulas (5)) is shown in Table 3 .
CONCLUSION
From Table 3 , we can obtain that the theoretical analysis and experiment have good agreement for elastic modules of three -phase composite made of polyester matrix, glass fibers and titanium oxide particles. This conclusion allows us to apply the algorithm and formulas proposed in this research for estimating the elastic modules and other structure and material problems using three -phase composite.
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